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ABSTRACT

This report contains the results of transformer Qualification tests performed
in accordance with J.P.L. Test Procedure 902.66-01, Electronic Component Parts

Reliability, Power Transformers, dated 12 June 196k,

Two types of transformers were tested concurrently. Twelve units of each type
were supplied by each of four vendors. One type, Part #D3172671, was an
encapsulated multi-secondery toroidal transformer and the other, Part #D3172922,
an open-construction ratio toroidal transformer. Vendors supplying the
transformers were:

Megnetic Circuit Elements, Inc. (MCE)

Robert M. Hadley Co. (RMH)

D. B. Products (DBP)

Coast Coil (CC)

The transformers from each vendor were serialized 1 - 12 and categorized into
one of two groups. A flow chart has been prepared and made a part of this
abstract to show grouping and qualification test sequence., For Part #D3LT26TL,
Unit werial numbers OOl through OO4 were assigned to Group I and unit serial
numbers 005 through 012 were assigned to Group II. For Part #D3172922, Unit
serial numbers OOl through OOk were assigned to Group III and unit serial numbers
005 through 012 were assigned to Group IV, The change in group numbering (i.e.
Groups I, II, III, and IV, rather than Groups I and II for each part type) was
requested by the data processing center, C.E.I.R., because of the differences in
part design, number of tests involved, page and line headings of the computed

statistics sheets.
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The following paragrephs list each test in flow chart sequence and important

results, including catastrophic failures,

Visual and Mechanical Examination

Part 3#D31726T1

MCE Of the 36 dimensions measured (3 per
tolerance,
RMH Of the 36 dimensions measured (3 per

tolerance. The method used in bringing leads

accordance with the specification.

DBP Of the 36 dimensions measured (3 per
tolerance.
cc Of the 36 dimensions measured (3 per

tolerance (Leads).

Part #D3172922
MCE Of the 36 dimensions measured (3 per

,0lerance,

RMH Of the 36 dimensions measured (3 per

tolerance (Leads).

DBP Of the 36 dimensions measured (3 per
tolerance.
cc Of the 36 dimensions measured (3 per

tolerance (ILeads).

unit) 35 dimensions

unit) 30 dimensions

out of the case was

unit) 20 dimensions

unit) 12 dimensions

unit) 24 dimensiouns

unit) 12 dimensions

unit) 24 dimensions

unit) 12 dimensions

were

were

out

out

not in

were

were

were

were

were

were

out

out

out

out

out

out

of

of

of

of

of

of

of




Initial Electrical Tests

Initial electrical tests were performed in the following order:
D. C. Resistance of each winding
Excitation Current
Turns Ratio
Center-tap Unbalance
Insulation Resistance (500 VDC)
Dielectric Withstanding Voltage (500 VRMS, 60 cps)

PART #D3172671

MCE The D. C. Resistance of all windings, ell units, was below the

specified lower limit. Excitation Current could not be measured using the
specified input, 30 VRMS, 2400 cps, because of insufficient turns and/or core
properties. By increasing frequency of the source E.M.F, to 60CO cps, distortion
was decreased to an acceptable level, and measured excitation current was reduced
to values less than the 90 milliampere maximum limit. The J.P.L. cognizant
engineer decided to allow this vendor's part to remain in the test program with
the provision that a scuice E.M.F. frequency of 6000 cps be used in all future
Excitation Current and other tests, such as Temperature Rise. In comperison with
samples supplied by the other three vendors, MCE samples should have been
classified as catastrophic failures, Turns Rotio, Center-tap Unbalance, Insulation

Resistance and Dielectric Withstanding Voltage tests were satisfactory, all units.

RMH All tests were satisfactory.
DBP An open winding was discovered in one unit during D. C. Resistance

measurements, The feulty unit was classified catastrophic. The D. C.




Resistance of two windings (#3 and #8) of all units measured less than the
specified lower limit., One or more windings of three units were out of toleraance
vwhen tested for Turns Ratio. All other tests were satisfactory.

cc All tests were satisfactory.

Fart #03172922

MCE The secondary winding D. C. Resistance of five units was below the
lower limit. All other tests were satisfactory.

RMH The secondary winding D. C. Resistance of three units i~is below the
lower limit. All other tests were satisfactory.

DBP The primary winding D. C. Resistance of three units was greater than
the upper limit. Turns Ratio measurements of one unit were out of toleraace.
One unit failed Insulation Resistance and was classified catastrophic, All
other tests were satisfactory.

cc All tests were satisfactory.

Thermal Sterilization

Part #D31726T1, Group I

MCE There was no visible evidence of physical damage and no significant

change in electrical characteristics.

RMH There was no visible evidence of physical damage and no significant
changes in electrical characteristics.

IBP The cases of all four units were severely discolored and warped. Deep
cracks appeared in the potting surfaces, There were no significant changes in
electrical characteristics,

cc Thore was no visible evidence of physical demage and no significant

changes in electrical characteristics.

&y



Part 172922, Group III

There was no visible evidence of physical damages and no significant changes in
electrical characteristics, all parts, all vendors.

Terminal Pull

Part #D3172671, Group I and Part #D3172922, Group III

There was no visible evidence of physical damasge, and no significant changes in

electrical characteristics, all parts, all vendors,

Temperature Rise

Part 03172671 Only

DBP Five units exceeded the allowable temperature rise of 35 degrees C,

Cases of several units were warped. Cases end potting surfaces of all units were
discolored. There were no significant changes in electrical characteristics

after Temperature Rise.
Parts supplied by the other three vendrs, MCE, RMH and CC vere satisfactory.

Mechanical Shock
Part 3172671
There was no visible evidence of physical damage and no significam; changes

in electrical measuremeats, all parts, all vendors.

Part 172922

IBP One unit failed the Insulation Resistance test and was glassified

as a catastrophic failure,

Visual inspection and electrical testing of units supplied by the other three

vendors was satisfactory,




Vibraetion

Part ﬂ3172671
MCE One unit failed excitation current and became a catastrophic

failure, Cause of failure was an internal short between the two primary
windings. There was no visible evidence of physical damage.

RMH The excitation current of one unit rose above the waximum 1imit.
(The same unit measured high in all remain’ag tests). There was no visible
e\ridence of physical damage.

IBP There was nc visible evidence of physical damage and nc
significant changes in electrical test results.

cc Excitation curreunt of two units from Group I and one unit from
Group II was sbove the maximum limit after Vibration. (Excitation Current
of the same 3 units remained either :aigh or marginal during the remsining

tests). There was no visible evildence of physical dausge.

Part 172922

DBP Insulation Resistance failure caused one unit to be classified
as catastrophic during tests after vibration.

Parts supplied by the other three vendors showed no evideunce of physical

damage nor significant changes in electrical measurements.

Moisture Resistance (MIL-STD-202C, Method 106)

Part $D31T26T1

DBP One unit (Gp. I) failed Insulation R ‘istance test after Moisture
ard was classified catastrophic.

Units supplied by the other three vendors passed the test satisfactorily.




Part #13172922
MCE There was no visible evidence of physical damage nor significant

changes in electrical measurements.
RMH Two units grom Group IV were classified catastrophic fa'.lures

after Moisture Resistance. One unit had an open winding, the other failied

the Insulaticon Resis’ance test,

DBP Two units from Group IV failed the Insulation Resistance Test after
moisture.
cc There was nc visible evidence of physical damage nor significant

changes in electrical measurements.

Temperature Cycling
Part #D31T72671
There was no visible evidence of physical damage nor sigpificant changes in

electrical measurements, all parts, all vendors,
Part #D3172922

MCE All tests were satisfactory

RMH Three units, Greup III, failed Insulation Resistance tests and were
clazgified as catastrcpnic failures,
IBe One unit falled Insulation Resistance tests and was clessified as

a catastreophic failure,

ce All tests were satisfactory.




‘

Life (2000 Hour)

Electrical tests were performed at 168, 500, 1000, 1500 and 2000 hour

intervals,

Part #D31726T1

DBP One unit failed D. C, Resistance during electrical tests at the

1000 hour interval bLecause of an open winding and was classified catastrophic.

Paxts supplied by the other three vendors passed all tests satisfactorily.

Part #D3172922

There was no evidence of physical damage nor significant changes in

electrical measurements, all parts, all vendors,

i)
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SUMMARY

Part #D31726T1

Coast Coil transformers prcved to be the most reliable and were superior,
electrically and mechanically, to those produced by the other three veadors.
Assuming that all vendors were furnished identical specifications/requirements,
transformers supplied by Magnetic Circult Elements and Robert M. Eadley failed
10 meet requirements contained in J.P.L. Specification 902.66-01. M.C.E.
failed electrical characteristics and RMH failed mechanically because of

lead configuration, Case and potting materials used by D. B. Products were
damaged by high temperatures. Appearance and poor uniformity in electrical

characteristics indicate laxity in quality control.

Part #D3172922

Parts supplied by Coast Coil were superior, electrically and mechanically,
to products furnished by the other tiree vendors. Tne quality or quantity of
insulating tape used by Robert M. Hadley and D. B. Products was responsible

for the majority of catastrophic failures among the samples supplied,

There were no catastrophic failures amecng samples supplied by Magnetic
Circuit Elemeuts, Inc.; however, these (MCE) parts had the highest average

of out of tolerance failures.

10
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1.0

1.1

1.2

1.3

D

Introduction

Purpose
This document is a final report of Qualification test results.
Two types of toroidal transformers were subjJected to electrical,
environmental and life tests specified in Jet Propulsion
Leboratory Test Procedure 902.66-0L. This test program was
started during the month of March, 1965 and completed during

the month of November, 1965.

Contract Information

The contract for this test program was initially made with

Dresser HST, a Division of Dresser Industries. Effective -
July 1, 1965, all HST facilities became the property of

Varo, Incorporated., The Magnetics Division of Varo, Incorporated

assumed responsibility for operation of the Environmental

Iaboratory and for completion of the J.P.L. Qualification

Test Programs then in progress.

Test Procedures, Deviations

J.P.L. Test Procedure, 902,66-01, "Electronic Component Parts
Relisbility, Transformers, Power" was the basic specification
governing the qualification test. Deviations to 902.66-0.
were authorized by J.P.L. Technical Direction Memorandum #1,

dated September 8, 1965.

13
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. 1.4 Report Format

The format and organization of this report is in acccrdance

l with J.P.L. Specification ZPP-2098-GEN. Computation an?

a submittal of component-test statistics were 1n accordance with
JoP.L. Specification ZPP-2040-GEN A. Rew data was recorded

' manually on J.P.L. Form 1494 and submitted to C.E.I.DR., Beverly

Hills, California for processing, editing and analysis.

1.5 Consu. tants

Dr. David R. Cecil, Assistant Professor of lMathematics, Noxrth
Texas State Unlversity, was utilized as a consultant to assist
with reliability estimates and comparisons contained in paragrcph ,

"Test Results". A copy of the cousultant's report is appendad.

14



2.0

2.1

Descrigtion of Test Items

The ninety-six transformers involved in this test prcgram were
procured from four different vendors, namely Magnetic Circuit
Elements, Inc., Robert M. Hadley Co., D. B. Products, and Coast
Coil. Each vendor was required to furnish twelve (12) units
designed and manufactuced as specified cn J.P.L. Drawing D3L72571

and twelve (12) units as specified on J.P.L. Drawing D3172922.

Part Number D3172671

This transformer is an encapsulated, multi-secondery, toroidal

power transformer. It is designed to operate with an input of

30 volts, RMS, 2400 cps. Total volt/ampere rating is appraxinctely
179 VA, The unit has two primary windings, normally ccunccizd

in parallel to the power source and eight center-tappcd. secondary
windings, with the center taps of windings 3 and %, 5 end £,
7 and 8 commoned in pairs. The transformer windings ore terminated
in insulated flexible color-coded wire leads appreximatciy 12 Inches
long. The leads of the samples furnished by the Robert I, Iadizy
Company were spaced at uniform intervals around th= priipacry

of the unit, The leads of samples from the other thros veondors
were grouped in one location. The physical characteristics and
general dimensions are shown in Figure 1l. The schematic and
winding identification are shown in Figure 3. The ¢lectrical

verameters measured, nominal values and tolerances are as listed

in Tuble I.

1)

15
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FPurt Number D3172922

This unit is an open-construction ratio toroidal transfoc—-cr with
one center-topped primary winding and one center-tapped seccenlary
winding. It is designed for an input of 24 volts, i1i3, 2400 cps.
jo sccondary load curreints were specificd., The troacforrow
windings are tcrminated in color-coded, insuleted flexible wiie
leads, cppreximately 10 inches long. The physicel choracteristics
and generel dimensions are as shown in TFipure 2., The schewmatic
cnd vinding idontification are as shown in Tigure 3. The
electriccl parameters that were measured, nominal veluss and

toleraae.s are as listed in Table I,

16




3.0

3.1

3.2

3.2.1

3.2.1.1

3.2.1.2

Description of Test Program

Test Design

The trensformers from each vendor were serialized from 1 to 12

and categorized into one of four groups, The Flow Chart, Figure k4,
describes the testing sequence for each group and designates the
serial numbers of the components assigned to each group. Data
measurement points are identified witk the letter "M" and each
computed statistics sheet (CSS) submittal point with the letter "S".
Two batches of computed statistics sheets in book form were
received from C.E.I.R. The first batch contained statistical

data resulting from all tests prior to the Life Test, The second
batch contained all data from the first batch plus data recorded

during ard after the Life Test,

Measurement Procedures

Visual and Mechanical Examination

Instruments Used

Calipers, Helios, Serial No. 112

Procedure
The dimensions shown in Figures 1 and 2 were measured and recorded.
Each specimen ras visually exemined for quality of workmanship,

material, and legibility and permanence of markings, if any.

17
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3e2.2

3.2.2.1

347242

D. C. Resistanqi

Instruments Used

Digital Voltmeter, Cimron, Model T200A, Accuracy 0.01% of reading
D. C. Preamplifier, Cimron, Model 68C2A, Combined Accuracy of 0.02% FS

Ohms-D,C. Converter, Cimron, Model 69114, Combined Accuracy 0.05%

Procedure

The Digital Voltmeter, in combination with the Ohms-D.C. Converter,
vas used to measure D. C. Resistance of Part No. D3172922. A four
wire system 1s used with this combination. The unique clips
furnished with the equipment were attached to the winding leads

and resistance in ohms appeared on the five digit face. The

10CO0 ohm scale was used permitting measurements from 0.0l to 999.99

ohms,

The windings of Part No. D3172671 were relatively low in resistance
and required a change in the procedure Just described. The D. C.
Preamplifier was combined with the voltmeter, and the Ohms-D.C.
Cenverter was used as a constant current source. Resistance of
vindings was determined by sending a known current (e.g. 10 ma)
throuvgh the unknown resistance and measuring the resulting voltage
drop with the Voltmeter Preamp combination. The figures anpearing
ocn the voltmeter were then read directly in Ohms. The combination
of equipment just described permitted accurute measurements of
resistance from 0001 to 9.999 ohms. The readings were rounded
cff to four significant figures and a decimal point to sctisfy

data processing requirements.

Ir—‘




3e2e3

3.2.3.1

3e243.2

Excitation Current

Instruments Used

Digital Voltmeter, Cimron, Molel T200A

4 .DC Converter, Cimron, Model 6701A, Accuracy 0.05% (when
c.mbined with Digital Voltmeter above)

Cignel Generator, Hewlett Packarc, lodel 205AG

Resistor, 100 C.m Standord

Flip Switch Box (Se. Figure 5)

frequency Counter, Beckman, lodel T150B

Oscilloscope, Tektronix, Model 5L5

Amplifier, McIntosh Model MI-200

Procedure

The equipment listed above was connected to the proper flip-

switch box binding posts as shown in Figure 5. The Ey, - E

Switeh was moved to the Er, position and the voltage across the
windings under test was adjusted to 30V RMS, 2400 cps for Part

No. D3172671. The input voltage used for Part No. D3172922 was

24 vV IMs, 2400 cps. The Ep, - ER switch was then moved to Eg position
and the voltage shown on the Voltmeter was recorded. By imspection,
the decimal point was moved an appropriate number of places to

cnnvert the reading to milliamperes.

(g



3e243.2

302.h

3.2.4.1

{Continued)

During the Initial Electricel Tests, it was discovered that

Magnetic Circuit Elements Part No. D3LT26T1 saturated at approximately
15 V RMS causing severe distortion. By increasing the frequency

of the input EF to approximately 6KC, distortion became

nepligible and excitation current decreased below the 90ma masximum
limit. The cognizant J.P.L. Engineer was advised of this problem,

and after due consideration, instructions were issued to change

the frequency of the source EMF to 6 KC for this (MCE) particular

vendor's pert.

Turns Ratio

Instruments Used

Signal Generator, Hewlett Packard, Model 205AG
VIV, (2 ea), Hewlett Packard, Model LOOH

Gertsch Ratiotran, Model RI-L

Frceedure

The instruments listed above and the units under test were
interconnected as shown in Figure 6., For Part No. D31726T1,
Winding #6 was used as the "reference" winding. For Part No.
D?172922, the primary winding was used as reference. The source
E.M.F. was increased to 1OV RMS, 1 KC and the Gertsch decade

controls adjusted for minimum on the null indicating meter.

20
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3.2.4.2

302.5

3e2.5.1

302.6

3.2.6.1

(Continued)
Recorded raw data values for Part No. D31726T1 were read directly
from the Gertsch. For Part No. D3172922 the reciprocal values of

the Gertsch readings were calculated and recorded.

Center--tap Unbalance

Instruments Used

Same equipment used during Turns Ratio Mcasurements.

Procedure

Measurements required to calculate CT Unbalance were made during

the Turns Ratio Test. The test lead connected to the high side

of the winmling under test (See Figure 6) was moved to the center-tap
lead, am the Gertsch decade controls readjusted for a second umull.

CT Unbalance was calculated using the following formmla:

M-%

¥, X 100 = % Unbalance

[}

Where: Ny Difference between Turns Ratio of full winding

and turns ratio of CT to low side of winding.

Turns Ratlio of CT to low side of winding.

N

Insulation Resistance

Instruments Used

Megchmeter, Industrial Instruments, Model I-7, Serial #019k,



302.7

3e2.Tel

3.2.7.2

Procedure

The megohmeter was adjusied to provide a 500V DC test potentizl.
After thirty minutes warm-up, insulation resistance of cach
transf-ormer was tested in twe steps as follows:

Step 1. The *tropnsformer under test was placed in & container and
covered with #7 lead shot. The 500V DC potential was applied for

one minste between a commen electrical connection of all transformer
leads and an electrode extending from the mass of shot.

Step 2. The 50CV DC potential was applied for one minute between

a common electrical connection of the leads of the primary winding(s)

and a similar conrection of the leads of the secondary windings (s).

Dielectric Withstanding Voltage

Instruments Used

Dielectric Withstanding Voltage Test Set, Assoclisted Rer=arch, Inc.,

Model 412, Serial #0182,

Progedure

Each transfcrmer was tested in two steps as previously described
in the Tnsulation Resistance test paregraph: The applied test
potential was 50CV RMS, 60 cps. Prior to test, the test instrument
was adjusted to indicate leakage currents equal to or greater than

one milliampere,

2¢



3.3

3.3.1

3e2.1.1

3630142

3e3.2

3e3.2.1

Envirommental Test Procedures

Thermal Sterilization

Equipment Used

Temperature Chamber, Conrad, Model FB-32-3-3, Serial #7670 (#5° from
set )

Pyrcmeter, CGray Instruments, Model E3067, Serial #0813

Procedure

Unit seriasl numbers one through four of all component codes were
placed in the temperature chamber. Two copper-constantan
thermccouple junctions were attached to the largest centrally

located thermal mass of the grouped transformers. The thermocouple
leads were routed through a side port for conmection to the pyrometer.
The units were then subjected to three Thermsl Sterilization Cycles,
each cycle consisting of thirty-sixz hours at 143.5°C. This was
determined by frequent measurements with the pyrometer during the

first two hours of exposure.

Terminal Pull

Equipment Used
Five Pound Healthways Weight

23



2.3.2.2

3+3.3

3¢3.3.1

Procedure

The specimen under test was clamped in a vise and positioned to
allow the leads to hang freely over the edge of a bench., A

five pound weight was attached with a surgeon's hemostat to each

lead in turn for a period of at least 10 seconds.

Temperature Rise (D3L726TL Only)

Equipment Used

Oven, Gruenberg Electric Co., Model TRO
Pyrometer, Gray Instruments, Model E-306T
Digital Voltmeter, Cimron, Model T200A
AC-DC Converter, Cimron, Model 6TOlA
Ohms-DC Preamplifier, Cimron, Model 6911A
DC Preamplifier, Cimron, Model 6802A
Generator, CML, Model 1435D

VIVM, Hewlett Packerd, Model 400OH

Power Transformer, Step-Down, BACTH20AA2TT

Procedure

The transformers were connected to the load fixture and power
source as shown in Figure T and placed in the oven still-air
chamber. The junction of a copper-constantan thermocouple lead
was positioned at the same level and six inches distant from the
test specimens. Oven controls were then adjusted to obtain a
still-air temperature of 90°C as measured with the pyrometer,

The units were allowed to remain at this temperature for at least

eight hours before the D. C. Resistance of winding #6 was



3e3.3.2

(Continued)

measured and recorded. The loed fixture was designed to permit
disconnecting Winding #6 from its resistive load and rapid
re-connection to the Cimron constant current source. Two
additional wires were counected directly to Winding #6 to serve
as voltaege sensing leads. D. C. Resistance was measured as
previcusly described in paragraph 3.2.2 and recorded. Temperature
(t) was also measured end recorded. The CML Generator was then
adjusted for a reading of 30V RMS, 2400 cps across the transformer
primary windings. Units manufactured by Magnetic Circuit Elements
vere tested using an input of 30V RMS, 6000 cps. Specified
s2condary currents were obtailned by varying load rheostats and
observing the accompanying voltege drop across the associated

1 ohm resistor. (e.g. 0.4 volts = O.44 amperes). Ioad currents
were readjusted hourly to compeusate for current reduction caused
by heating the load resistor. Still-air temperature was

measured periodically to determine the extent of temperature
increase caused by the transformers. After elght hours, the

unit was deenergized and the D. C. Resistance of winding #6 was
measured. Resistance (R) was remeasured 30 minutes later to insure
temperature stabilization.

Temperature rise was calculated using the following formula:

AT =B X (¢t +23h.5) - (T - )

Where : AT = Temperature rise in degrees centigrade above

specified maximum ambient temperature.

25



363342

3o3oh

303.,'!'.1

3.3.4.2

(Continued)

R = Resistance of winding in ohms at temperature (T +_1T)

T = Resistance of winding at temperature (t)
t = Opecified initial ambient temperature in degrees centigrade
T = Maximum ambient temperature in degrees ceuntigrade

Mechanicel Shock

Equipment Tsed

Sheck Machine, AVCO, Type SM-020, Model 1
Contact Chatter Menitor, Coplan, Model CCM-1A
Oscilloscope, Tektronix, Model 545

Cathode Fcllower, Columbia, Model 4OOOR
Accelerometer, Endevco, Model 2213

Scope Camera, Dumont, Type 302

Procedure

The traasformers were mounted to an eluminum fixture

designed to accept 16 each part #D3LT2671 and 16 each

#D31T2922, Ieads of each winding were connected to form a series
circuit; terminated at the proper connections of the Contact

Chatter Monitor. Prior to starting the required series of shocks,
drop height and resulting pulse shapes were determined by loading

the machine elevator with ballast (approximating weight of the

test specimens and fixtures) and photographing scope pulses generated

by the accelerometer at various drop heights., After reaching the

2 ¢



3.3.4.2

3e3.5

3e3.5.1

3e3.5.2

(Continued)

desired pulse height and width, ballast was replaced with the
specimen laden test fixtures. The specimens were then subjected
to 5 shocks in both directions along each of the three mutually
perpendicular planes. Shock amplitude was 300 G's, sawtooth, with
threes millisecond pulse duration. The chatter monitor was
menitzcred for discontinuities equal or greater than O.1 millisecond
during and after each shock. The oscilloscope was observed during
cne cf each series of five shocks to assure occurrence of the
required shock pattern.

Vibration

Equipment Used

Exciter, M.B., Model C-25H

Console, M.B., Model N5T2

Amplifier, M.B., Model T666

Accelerometer, Endevco, Model 2213

Dyna-Monitor, Endevco, Model 2702

Chatter Monitor, Coplan, Model CCM-1A

Preamplifier, Endeveo, Model 2616

Procedure

Test specimens were mounted on the vibration test fixture
and subjected to vibrations in accordance with the amplitudes and

time periods shown in Figure 9. "G" level and displacement were




3.3.5.2

30306

3,3.6,1

3.3.6.2

{Continued)

determined by signal returns from a velocity coil during the 20

to 37 cycle range. An accelerometer mounted on the fixture with
the specimens was utilized for w ntrol during the remaining portion
of the cycle; 27 to 3000 cps. Prior to the start of the vibration
test, windings of specimeuns were wired in series and connected to
the chatter monitor which was adjusted to detect discontinuities

equal to or greater than O.l1 millisecond.

Moisture Resistance

Equipment Used

Temperature Chamber, Comad, Model CB8-2-2
Temperature Humidity Chember, Conrad, Model FD-36-3
Amplifier, M.B., Model T666

Couscle, M.B., Model N-5T72

Exciter, M.B., Model C25H

Procedure

The test specimens were mounted on vibration fixtures and
subjected to ten temperature-humidity cycles in accordance with
Method 106-1, MIL-STD-202C (See Figure 10). There was no
polarizing voltege applied. During five of the first nine cycles,
the units were removed from the humidity chamber and placed in a
separate temperature chamber which had been stabilized at -10°¢

(Step Ta). After three hours in the cold chamber the units were

m



3.3.6.2

3.3.7

3"3’701

3.3.7.2

(Continued)

vibrated for fifteen minutes, using a simple harmonic motion
having an amplitude of 0,03 inch (0.06 total excursion), the
frequency being varied uniformly between 10 and 55 cps. The
entire frequency range, from 10 to 55 cps and return to 10 cps

was traversed in approximasiely one minute (Step Tb).

Temperature Cycling

Equipment Used

Conrad Temperature Chamber, Model FB-32-3-3, Serial #7669

Conrad Temperature Chamber, Model FB-32-3-3, Serial #7670

Procedure
The unenergized specimens of both part types were subjected to
five cycles c¢f extreme temperature conditions--one cycle consisting
of :
Thirty Minutes at -65°C
Fifteen Minutes at 25°C
Thirty Minutes at 125°C

Fifteen Mimtes at 25°C

Two chambers stabilized at the specified temperastures were

utilized for this test, and temperatures were monitored cortinuously.
Following completion of the fifth cycle, the specimens were

removed from the temperature chamber and ellowed to stabilize

at rcom ambient fcr eight hours,
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3.h.1

3.%.2.3

Iife Test Procedure

Equipment Used

Oven, Blue M, Electric, Model POM 5886C, Serial #PAhOL

Oven, Blue M. Electric, Model POM 5886C, Serial #PAh1Lh
Procecdure

Pricr to the Iife Test the specimens were inspected for proper
identification and divided into five test groups as follows:
1) Part Type 3172922, All specimens.

2) Part Type 3172671, D. B. Products

3) Part Type 3172671, Coast Coil

L) Part Type 3172671, R. M. Hadley Co.

5) Part Type 3172671, M.C.E.

The non-energized specimens were placed by test group into

the ovens stabilized at 130°C and subjected to a Life Test of
2C0C Hours. In order to facilitate data point testing the
test groups were placed in the ovens on different days

(8c2 Figure 8). The oven temperatures were held at 130° 183 c
and recorded on a Partlow temperature recorder which is an

integral pcrt of each oven.

Iife Test Drtc Points

L* specified intervals during the Life Tect i.e. O (Post
Temperature Cycle Measurements) 168, 500, 1000, 1500 and 2000

bours, (Figure 8) within = 8 hours, ecach group was renoved



3.k.2.3

(Continued)

from 1ts oven and allowed to stablilize at room ambient tempereture
under forced ailr for six hours. Following stabilization at roum
ambient D, C. Resistance, Excitation Current and Insulation Resistance
measurements were performed. After completion of the data

print measurements the specimens were returned to the oven.
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Date lecording and Verification Procedure

Test fixtures, equipment, anl connections were carefully
inspected to insure proper testing. The test equipment calibration
was checked periodically against known standards to insure

sccurate measurements,

leasurements of the various parameters were recorded on J.P.L.
Form 1494 and compared with the specified parameter limits and
previous mcasurements to discover erroneous readings or radical

variations in weasurements.



3.6

3.5.1

3.6.2

3.6.3

3.6.4

3.6.5

3.6.5.1

306.502

Failure Verificition and Analysis Procedure /

A log was maintained throughout the test to recerd information

pertaining to catastrophic failures and test conditions.

Tollowing a confirmed catastrophic fallure, a Failure Report
(Figure 11) Form was initiated and completed with information

pertinent to the failure.

Each failed specimen was carefully retested to confirm the

type of failure and to decide the method of analysis,

3172922 Analysis

Each failed specimen was carefully inspected fur externsal defects
which might have caused the failure. If the type of failure
indicated an internal defect, the outer insulating tape and wire

was carefully removed to determine the cause of failure.

D3172671 Analysis

Each falled specimen was visually inspected for external defects
which might have contributed to the failure. If an internal
defect; was indicated the outer case was cut away with a hacksaw

and the potting removed with a chisel or electric hand grinder.

It was extremely difficult to analyze these specimeuns due to the
hardness of the potting compound and impregnation, number of windings,

ard lack of aasembly information.

32
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3.6.6

After each anelysis a Failure Analysis Form (Figure 11) was
completed with the mode of failure, cause of failure and failure

classification,
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k0 Test Lesults

L1 Catastrophic Failures, Part 7:D31T72671

k1.1 Definition
Tranformers exhibiting an open or shorted condition or
insulation resistance measurements of less than 10 megohms

were clossified eas catastrophic failures.

k1.2 Magnetic Circuit Elements, Inc. (Couponent Code 001)

4.1.2.1 During initial electrical tests, it was discovered that
Excitaetion Current could not be measured using the specified
input voltage and frequency (30V RMS, 2B0OO cps). Experimentation
proved that satisfactory operation could be obtained by
incrcasing the frequency of the source E.M.F. to 6000 cps.
The cognizant J.P.L. Engineer was advised of this problem, anl after
due considcration, decided that this vendor's part would be
kept in the Qualification Test program., Excitotion Current would
be tested using an input of 30V RMS at 6000 cps, with 90 ma established
as the maximum, The temperature rise test would also be conducted
using the newly specified lnput. These units could not be comparecd
with transformers submitted by the other three vendors because of

dissimilar electrical characteristics,

4,1.2.2 Unit Serial ;004 (Group I) failed Excitation Currcat tests
after Vibration. Internal inspection during failurc enalysis

revealed & short circuit between the two primary windings.



4,1.3

h,1.h

L,1.h,1

h.1.k.2

h.1.k.3

h,1.5

4.1.6

4,1.6.1

Icbert M, Hodley, (Comporeunt Code 002)

There vere no catastrophic frilures smong the samgles supplied by

this vendor.

D._B._Products, (Component Code 003)

Trit ferial $0CH (Greup I) foiled insulation resistance test
botween windings 9 and 10. The breakdown occurred between two

adjecent leads.,

Unit Serial ;007 (Group II) failed D. C. Resistance measurements
during the initial electrical tests. Internal examination
rcvealed a ccld solder joint at winding upending and lead wire,

wvinding 5%

Unit Serial ;012 (Group II) failed D. C. Resistance measuremeuts
after 1000 houwrs of the Life Test. The break in the winding
could not be fcund during failure cnalysis because of

difficulties in removing windings from the core.

Coast Coil, (Component Code OOW)

Trere were no ceatastrophic failures among samples supylied by this

vondor.

vatastrophic Failures, Part jD3172922

Mognetic Circuit Elements, Inc., (Component Code 005)

There were no catastrophic fallures among samples submitted

by this vendor,
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h.,1.6.2

k,1.6.2.2

4,1.6.2.2

26‘0106.2.3

4.1.6.3

1}0106’1{'

‘obert M. Hadley, (Component Code 006)

Unit Serial numbers 002, 002, and OO4 (Group III) failed insulation
registance tests after Molsture Resistance, Insulation breakdown

occurred at the winding upendings and Iead Junctions.

Unit Serial Number 009 ( Group IV) failed insulation resistance
tests after Molsture Desistance. Insulation breakdown occurred

at the winding upendings and Iead Junctions.

Unit Serial Iumber 012 (Group IV) failed D. C. Resistance measurements
after lMoisture Resistance, TFailure analysis proved that the open in the
secondary winding was caused by a point on the wire which had

been nicked during *the winding process.

D. B, Products,{Component Code 007)

Uait Sarial rumbers 002, 005, OCT, CO8, 009, Cll, lode of failurc
was similar for thesz units. Insulating tape covering lead-
up-cadicg junctions was chafed during handling causing Insulation

Resistance failure, windings to "case".

Coest Coil, (Component Code 008)

There were nu catastrophic fallures among the samples supplied

by this vendor.



h,2,1.1

4,2.1.2

h.20103

h.g.l.li‘

k2,2

L,2,2,1

Perametric (Qut of Tolerance) Fallures, Part 3172671

efinitions

D. C. Resistance

A paramctric failvre was declared when measurement of a winding
exceeded thae spceified upper and lower limitc during the initial

and succeeding electrfcal test pcicats,

Excitation Current

Measurced excitation currents excceding the soecified upper and lower
limits during initial and succeeding electrical test points is

clagsified as a parametric failure.

Turns Ratio

Turns Ratic measurements exceeding the specified upper and lower
limits during initial and succezding electrical test points is

classifieu as & parametric failure.

Temperature Rise

Transformers were clessificd "out of tolerance" failurces when the

. o)
neasured temperaturc rise cxceeded 35°C,

Magnetic Circuit Elements, Inc. (Component Code 001)

D, C. Resistance

The resistance of all wirdings of the twelve samples tested measured
less than the specifled lower limit during initial and most of the

succeedlng electrical test points.
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L,2,2.2

L.2,2.3

4.2.3

4,2.3.1

L.2.3.2

,"'02.3.,4'

Fxcitation Current

One unit in Group I and six units in Group II failecd excitation current

nmeasurcments at the 15C0 hour Life test point.

Turns Ratio

There were no Turns-Ratio failures,

Eb@pcraturc Pise

The temperature rise of the twelve samples remained below 35°C.

Robert M. Hadley.(Component Code 002)

L. Co Reslistance

The erratic changes in evidence are attributable to measurement
techniques and variations in winding temperatures. These failures

could not be verified.

Ixecitaticn Current

Unit Serial 002, Group I. Excitation Current exceeded the upper

limit during electiical tests after Vibration.

Turne Ratilo

There were no turns ratio failures.

Temperature Rise

Temperature Rise of the twelve samples remained below 35°C.
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"".-.':02;'0:..

hee%e3

h.ﬁ.’-h:i.l

D._B. Products, (Compcnent Code 003)

D. Co Resistunce

Windings /3 and 78 (Primary Windings), all twelve samples,
ricasurcd less than the lover limit duricvs the initial electrical

trsts,

Ixcitotion Carrent

Trer: were 1o fallures in execitation current.

Turns LRatio

Group I

Tniticl Electrical Tests

Unit Jeriel %002 - Winding 4 measured low.

Urit+ Scrial ;00

(WY

- Windiaz 4, 9, and 10 measured high.
Unit Serial ;004 - Winding 1 measured low; windings 4, 9 and 10

neasured high.

After ltbisture esistance

Unit Zerial ;00% became s catastrophic failure because of Insulation
Resis*tance and was not tosted for Turns Ratio.
Unit Serial j''s 002 and 003 - Turns Ratio Failures found during initial

electrical teshts were repeated.
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4.2.4.3.2 Group II

1&.’

L.y

Fallures during Initial Electriccls and Electricels after moisture
ware identical as follows:

il Serial ;006 - Windings 2 zna 4 nigh

Unit Serial 7008 - Winding 5 low

Unit Serial ;009 - Winding 1 high

Utnit Serial 010

Winding 2 higa

Unit Serial ;012 - Winding 1 iow; windings 9 and 10 high

Ib@@@rature Ldse

Unit serial numbers 002, 003, 00k, 005, 006 exceeded the

o}
allowable temperature ris: .f 35 C.



bel5 (cast Coil, (Compsnent Code OOL)

hogoaol e Co Nesictance

Tolluvres Indicoted on the chart were nnted during the 1500 hour

Idfe teot point cnd were caused by operator ciror.

Voo .

-‘-f.;..o)o: Excitetion (Murrent

Unit Scerial nunkers O0L end 002 (Group I). Excitation current exceeded
the 90 milliamp moximum during alectrical tests after
Vivration and remained above or ncar the maximum limit Quring

subsequent tests,

it Serial number 0CE, Greup II, Excitation current exceeded 990
milliamps during *tcsts aftzr Vibration and remained scbove or near the

limit during subsequent tests,

hee%e3 M™urns Datio

There were no Turs Retic fallures.

I~
L)
{
[ ]
%]
=
3

cmparatiare Rise

here were ro Tomperature Rise Fallures.,

B



k.3

L!'o?;ol

he3e2

ho3.2.l

Parametsr (Cut of Tolerance) Foilures, Parts #D3172922

Definiticn
Failures in L. C. Recistance, Excitation Current and Turns Ratlo
arc ac defined in paragraph 4.,2,1 5~ this report. This part was nct

subjected to Temperature Rise Tests,

Mognetic (ircuit Elements, Inc, (Component Code 005)

D. C. Resistance

Uait serial rumbers OCl, 002 and CO4 (Group III) Resistance of the

sscondary winding was less than the lower limit, all tests. Unic

Serizl 1zmber 003 ~- saccndary winding resisliance was less than iower

limit on all tecsts, with the exception of Initial, after terminal pull

and after virration.

Group IV, D. C. Resistance of the secondary windings, 2ll units with the

exception ¢f Serial numbter 009 were less than the lower limit during

on= cr more cf the scheduled test poiuts,

Serisl No. No. Failures (DCR, Secon-

Croup ITI 00l
002

003

K o kF B

ook
Group IV 005

006

H v O\

00T

dary)



.3,

\ ) 3
o o

(" cutinued)

SERIAL NC. NO. FAILURES
Grewp IV 009 0

019 9

011 8

012 &

axottotion Carent

it Sorial 009 excitztion c.urrent rose zbove the upper limit after

‘pisture Iesistance and Tempercture Cycling.

Urit Serial :00T7 and 010 exceeded upper linmits efter Temperature

C‘D'Clin{z.
Tmit '»rial ;012 exceeded upper limit after 2000 hours Iife,

Turns it i_o_

Thare were no Taus DNatio failures.,
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%e303.2

%.2.3.3

oooert M. Hadley ‘

De (o Resistapce

03, Group IZI. D. C. Desistance of th: pricary winiing

of
'Jt
(-’-
62
o]
-
rn
+ -]

cxcerdel the upper limit after Terminel PTull.

1y as

Cadt Serisl ;00%, Crop III. D. Ce Zesistarncs of th secendary —india

fell telow trhe lower limit during Imitial, After Therma) Sterilizaticn,

 Niter Terminal Pull, After lechanical Shock ani After Vibration.

it Serial 005, Grexp IV.e D. Co Resistcnce of the secondary winding

f=11 below the lower limit, all tests.

"mit Serial 3009, Greip IVe D. C. Recsistance of the secondery winding
fell below the lower limit during tha first four tests and was then

classified as catastrophic.

Excitation Turrent

Init Serial #903, Group 11I. High excitation current, Insulaticu

Resistance less than 10 K megohms after !bisture Resistance,

it Serial 7905, CCh, 0CT, 008, 01", Ol (Group IV). High excitatien
current cfter Moisture Resistanc:, Insulation Resistance mecsurcments
were less than 10 K megohms. Units 009 and 012 became catestrophic

fallures,

| g
Turns Ratic

There were no Turns Ratio Failures,

45



He3eke3

L. .. Products, (Component Code 00T)

I'e Co Nesistonce

mil xrizl 003, Group IIT. D. C. Resistance of the primary winding

106 chove the upper limit after Terminal Pull,

“ait serfcl 006, Grewp IV, D. C, Resistonce of the primary was

ghove the upper limit during Initial and all subsequent tests.

it Serid 605 and Oll. D. C. Resistance of the primary was above

the uvpper limit durin; the Initial test.

talt Serial ,006. L. C. Resistance of the secondary winding was below

he lewer limit after 168 Hour Iife,

wxceitation Ouwrent

There were no Bxcitation Current failures.

mrns hetic

There were no Turns Ratio failures,
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“o)o}.l

Coast Coil, (Compcnent Code 008)

There were no parametric failures during any of the Qualification

tests.
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hol Vicsual - Mechanical

hohol Purt [/ D31T26T1

h,4,1.1  lpgnetic Circuit Elcments, Inc,

Timension No, OT

(2.565 Typ)
1.250 #,005 in. 11 (2.241 Typ)

2,620 #,030 in. L

(AW

Leads 12.00 in. 12 (14 - 16 Typ)

h.4,1.2 lobert M. Hadley

Dimension No. OT

2.620 in, 12 (2.570 Typ)

1.250 in., 6

Leads 12 (14.5 - 15.2 Typ)

The method used in bringing leads from the case did not

conform with Figure II c¢f Test Procedure 902.66-01.

4. 4,1.3 L. B. Products

Dimension No. OT

2.620 in. 0

1.250 in 8

Iceds 12 (7.5 - 10.5 Typ)

hoh,1.h  Ccust Coil

Dimension No., OT
2,620 in. 0
1.250 in, 0]

Ieads 12 (14.5 - 16.5 Typ)



L.k, 2 Part 3D3172922

h.h.2,1 lognetic Circuit Elements, Inc.

Dimensions
1,00 in., Mex,
«500 in. Mex

Icads, 10 in. Typ

L.4,2.,2 Tobert M, Hodley

Dimensions

1.00 in.
.500 1in,

Ieads

4.4,2,3 D. B. Products

Dimenslons

1.00 in.
.500 in.

L>ads

h .2, Coast Coil

Dimonsions

1.00 in.
«500 in.

Ieads

llo, OT
12 ( 1.25 Typ)
2

12 (11.1 - 1l.3 Typ)

lio. OT
0
0

12 (11.5 - 12.0 Typ)

Tio. OT
12 (1.04 Typ)

0

12 (9.5 - 9.5 Typ)

lio, OT
0
0

12 (11.0 - 11.5 Typ)
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4.b4.3

h.4,3,1

h,4,3.2

Physical Damoge

De Be Products, Purt #D3172671

All samples were domaged from exposure to heat, (Thermal
Sterilization, Tempsrature Rise, Iifc). Damages consisted
of warped tubling, cracks in the potting compound and

dilscoloration of all surfaces,

All other samples, both part types, were undamaged by

exposure to heat.

5C



4.5

Reliability Estimates and Comparisons.

Assuming an exponential foilure rate the following tables prescnt
the catastrophic and parametric failurec rates in percent per 1000
hours at 90%, 60% cnd 50% confidence levels, A one-sided confidence
interval must be used when there are no failures, otherwise a twvo-
sided confidence interval is used. When two-thirds or more of the
parts under test failed, no confidence intervals are given since

any interval would be very large and quite inaccurate.

To fit the data to an exponentisl distributicn requires that (1) the
samples be selected randomly and (2) any sample thet fails at any time
during the test be removed at the first reading following failure.

In other words, we must have random sampling without r<eplacement.

The tests run involve sampling with replacement and therefore esti-
maetions of confidence intervaels for some of the data cannot be made.
Consider the data for Part D31726Tl, Hadley, parameter 11, group 1,
Here is a sample of size U4 with one failure each at 168, 500, 1000,
1500 and 2000 hours. It is assumed here that the same part caused
this failure each reading and a two-sided confidence interval is given
using one failure in a sample of size Lk, Now consider the data for
Part D317267l, D. B. Products, parameter 8, group 2. Here is a sample
of size 7 (to begin with) heving 5 failures at 168 hours, 3 failures
at 500 hours, 1 failure at 1000 hours, 4 failures at 1500 hours, and

5 failures at 2000 hours. DNo confidence interval can possibly be given

for this data since some early failures were not failures later;



k.5

(Continued)

theres 1s no possible way of visuallizing this data so as to be either

random and/or without replacement,

The confidence intervals obtained all uscd 12 or fewer degrees of
freedom in the £ distribution. ‘his tends to produce unreliable

confidence intervals.

To use the exponential distritution rate of further tests it is strongly
recommended that (1) larger sample sizes be used, and (2) testing

without replacement be used.

Sla



Procedure Used for Exponential Tistributioa of Failures

The exponential distribution is defined as follows:

oty
o
i
o

for 0, t> 0
f(t,0) = d ’
o s for t=0

The two-sided confidence interval is given by

2 2T
. o< N
3 (ar2) (1-%) (er)

The above interval is based on fitting the data to the exponential distribution
by a X? fit. This automatically assumes that the data was taken randomly.
Iegend: T = the accumulated life time of all components on test

the total number of fuilures that occurred

r =
n = the number of units tested

fi = the number of failures after a given test measurements

§1 = the mean life test time (hours) for a given tsst measurement
¢ = given by confidence level = (1 - )100%

k
T = %;1 X £y ¢+ (n-r) (2000)
k = the number of time intervals

To obtain T for the X? test requires sampling without replacement. With

replacement, date would not g.ve an unbiased estimate for O.



Te faelilwe rate N\ for the exponential distribution is given oy >\= %5

5
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Wei.ull Distribution of Fuilures

The Weibull distribution is defined as follows:

L
8 t/g-l '«tB
—-€ , for< ,B, t>0
(b, ,B) =
o s elsevhere

The failure rate is given by

3.1

A

for t>0
2

g(t) =
0 , clsewhere

Where t is times and « and i are parameters dctermined by the test data.

All comments made for the exponential distribution also apply here. The da%a

To determi. o & /g feilures must eppear in at least two different tiae Intervels,
This requirement, along with the afore mentioned requirements for the exp.neu*ial

distribution, allowed only two Weibull failure graphe
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5.0 Discussion of Test Results

5.1 Part Number D3172671

S.1.1 Magnetic Circuit Elements, Inc,

The high percentage of "Out of Tolerance" Failures (41.6%) was
caused by non-conformance to design. ILow D. C. Resistance
measurements of all windings indicate fewer turns per winding than
those specified in Test Procedure 902.66-01, The deficit in
turns prevented operation of the transformer with the specified
input of 30V RMS, 2400 cps. Satisfactory operation was obtained
by increasing frequency of the source E.M.F. to 6000 cps. The
lligher frequency was used for all Excitation Current measurements
and during the Temperature Rise test. This part is not inter-
changeeble with parts submitted by the other three vendors becsuse
of basic differences in electrical characteristics. Materials
used for the case and potting were unaffected by any of the environmmental

exXposures.

5.1.2 Robert M. Hadley

Parts supplied by this vendor had the smallest percentsge (1.2%)
parameter failures and no catastrophic failures; however, the
difference in lead configuration may prevent direct replacement with

samples submitted by the other three vendors.

Materials used for the case aud potting were unaffected by

environmental exposures,




Dele3

5.1.4

5.2

502.1

D. B. Products

This vendor's part proved to be the least relisble of all, The
catastrophic failure rate was 25% with a relatively higl parametric
failure rate (T.7%). Materials used for the case and potting were
severely damsged by heat during Thermal Sterilization and Tempersature

Rise tests.,

Coast Coil

Parts supplied by this vendor were satisfactory in electrical and
mechanical design and are ccnsidered to be superior to parts
supplied by the other three vendors. There were no catastrophic
failures, and parametric failures averaged 1.2% throughout the
qualification test. Materials used for the case and potting were

unaffected by envirommental exposures.

Pert D3172922

Megnetic Circuit Elements, Inc.

The relatively high percentage of Out of Tolerance failures (185.3%)
was caused primarily by low D. C. Resistance of the secondary
winding. There were no catastrophic failures. The thickness and/or
number of layers of tape used on the outer surfaces was adequate
and capable of resisting damage from environmental exprsures and

handling.




5243

5.2k

5e245

Robert M, Hadley

Four of the five catastrophic failures were caused by Insulation
Resistance failure and are attributable to either the quality of
insulating tape or the number of layers and taping methods used to

cover the toroid surfaces.

D. B. Products

Catastrophic failures (50.0%) were caused primarily by insulating

tape, same as paragraph 5.2.2 above,

Coast Coil
These parts aere considered to be superior to similar parts supplied
by the other three vendors, in that there were no Out of Tolerance

or Catastrophic Failures.

C. T. Unbalance

The C, T. Unbalance of all windings, all units, both part types

was well within the # 1% limits,

83




6.0

6.1

6.2

7.0

Tol

T.2

Te3

Conzlusions

The relatively small number of test specimens and test desigrn prevented

formation of accurate reliability estimates and comparisons.

Coast Coil products, both part types, were superior to those supplied

by the other three vendors.

Recommendations

Future magnetic component qualification tests should be in accordance

with specification MIL-T-27B.

Statistical data should be obtained solely from tests during Life,
Relatively large numbers of test specimens should be tested with
parameters such as Excitation Current, Ioad Voltage and No Load
Voltages measured at frequent intervals, The test specimens should
never be de-energized nor removed from ovens, 1f used, during the
Iife test, Life test samples should be divided into two groups, the
first group loaded nominally, the second group with 10% overload.

Effects of the various environmental exposures may be determined by
relatively small samples (i.e. six units).

)
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PHYSICAL DIMENSIONS , PART NO. D317267I
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FIG 3
SCHEMATIC, PART NUMBERS
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FIG 8
DATA TEST POINTS
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TABLE II

CODING INFORMATION

COMPONENT CODE
Magnetic Circuit Element D3172671 001
Robert M. Hacley D3172671 002
D.B. Products D3172671 003
Coast Coil D3172671 004
Magnetic Circuit Element D3172922 005
Robert M. Hadley D3172922 JO6
D. B. Products D3172922 007
Coast Coil D3172922 008
GROUP_CODE _
Group I and III Unit Serial No.'s 1 thru 4
Group II and IV Unit Serial No.'s 5 thru 12

..,x .
SRR 0 e i ot i s e 5 o3




TABLE II (Continued)

CODING INFORMATION

PARAMETER UNIT DATA COLUMN

D.C.R. Winding #1 O'am 1
D.C.R. Winding #2 Ohm 2
D.C.R. Winding #3 Ohm 3
D.C.R. Winding #4 Ohm 4
D.C.R. Winding #5 Ohm 5
D.C.R. Winding #6 Ohm 6
D.C.R. Winding #7 Ohm 7
D.C.R. Winding #8 Ohm 8
D.C.R. Winding #9 Ohm 9
D.C.R. Winding #10 Ohm 10
Excitation Current Milliamperes 1
Ins. Resistance Wdgs. to base K Megohms 3
Ins. Resistance Pri Wdgs

to Sec. Wdgs K Megohms 4
Diel. Str. Wdgs to Case Go/No-Co 5
Diel Str Primary Wdgs. to Sec. Wdg. Go/No-Go 6
Turns Ratio Wdg. #1 Ratio 1 E—
Turns Ratio Wdg. #2 Ratio 2
Turns Ratio Wdg. #3 Ratio 3 —
Turns Ratio Wdg. #4 Ratio 4
Turns Ratio Wdg. #5 Ratio 5
Turns Ratio Wdg. #6 (wdg. 6 = 1,000) 6
Turns Ratio Wdg. #7 Ratio 7
Turns Ratio Wdg. #8 Ratio 8
Turns Ratio Wdg. #9 Ratic 9
Turns Ratio Wdg. #10 Ratio 10




TABLE II (Continued)

53172671 D3172922
GRP 1I. GRP, II GRP, III GRP, IV PLACE IN TEST
01 01 01 01 Initial Electricals
02 02 After Thermal Sterilization -
03 03 After Terminal Pull
04 02 After Temperature Rise .
05 03 04 02 After Mechanical Shock ;s
06 04 05 03 After Vibraticn
07 05 06 04 After Moisture Resistance
08 06 07 05 After Temperature Cycling
09 07 08 06 After 166 Hr. Hi Temperature Life
10 08 09 07 After 500 Hr. Hi Temperature Life
11 09 lu 08 After 1000 Hr. Hi Temper~ture L.ife )
12 10 11 09 After 1500 Hr. Hi Tewperature Life
13 11 12 10 After 2000 Hr. Hi Temperature Life
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910 Edgewood Place
Denton, Texas 76201
December 20, 1965

John McLin

Varo, Inc.

2201 Walnut Street
Carland, Texas 75041

RE: Purchase Order No. M-%54256

Dear Sir:

The following charts, discussion, and recommendations are submitted in
regard to the study of J.P.L. Qualification test 902.66-01, in accordance
with Para. 3.3.8.4 J.P.L. Specification ZPP-2098-GEN.

It is respectiv. - submitted that all conditions of purchase order

Number M-54256 has been met.

Sincerely,

Dr. David R. Cecil
Assistant Professor of Mathemutics
North Texas State University



SAMPLE CALCULATION

90% Confidence level for D3172671 Hadley parameter 8, assuming an
exponential distribution of failures.

X4 £

i
Time Class Mark Number of Failures Xi£q
0 - 168 hr 84 hr 0 0
168 ~ 500 hr 334 hr 2 668
500 - 1000 hr 750 hr 0 0
1000 - 1500 hr 1250 hr 1 1250
1500 - 2000 hr 1750 hr 0 0
TOTALS 3 1918
r=3
n= 8
T = 1,918 + (8 - 3) 2000
T = 11,918
2T = 23,836
o<
o« .10, °7_<m .05, 1 - 5 = .95
2¢ 2 .
2 2
X o
(1-% (2r) = X g5(10) = 3+940
x?(1-% (21) \ 2% (2r + 2)
2T < 2T ):X Failure rate per hour
3.940 21.03
23,836 < ) < 23,836
000166 < >\ <  .000884
16.6% < >\ &£ 88.4% >\, Percent failure rate per 1000 hours.
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Sample Calculation

Weibull distribution for failure rate.

Part D3172671, Hadley, Parameter 8.

Cummulative

Reading Internal Internal Mark Number of Failures Percent Failure
0 - - - -

168 Hr. 0 - 168 84 0 -

500 Hr. 168 - 500 334 2 25.0%

1000 Hr. 500 - 1000 750 0 --

1500 Hr. 1000 - 1500 1250 3 37.5%

2000 Hr. 1500 - 2000 1750 0 .-

For Scale with 1 unit = 100 hours:

y - intercept = - 1.58
-ln® =-1.58
K = 4.86
slope = -0.20 - (-1.58) = 300
4,6 - 0.0
A
A = .300
sy = 2300 x 013
4,86

For scale with 1 unit = 1 hour:

t = 100x
-.613

a(t) = 300t - 0.0155 --613
(4.86) (3.98)
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D3172671

Coast Coil
Parameter 11

84 1 12.5%
334 0 --
750 0 --

1250 1 25.0%

y - intercept = -2.00

-1ln=X =-2.00
~N= 7.39
slope = £20:7) - (-2.00) . g, 282
4.6 - 0.0
~
S = 0.282
-.718
.282 x
g(X) b 7'39 1 Unit
-.718
g(t) = 282t "~~~ 1 Unit

(7.39)(2.91)

-.718
g(t) = 0.0131 t 7

100 hrs.

1 hr.



’ REPORT NUMBER
i 55 | 0019
FAILURE REPORT OATE
MO. DAY YEAR
‘. i A
PART NAME Taroilill PART NO.(HBT) PART NO(CUST) SERMAL NO.
Tepsforner (01 2172571 04 ’
MANUFACTURER DATE OF MANUFACTURE OPER. HRS LT PFAILURE DATE ¥ FAILURE
RO ———— S—— 7-"7-565
TEST TYPE (QUAL, — ACPT.~ INSP. — ETC.) TEST CONDITIONS ( BHOCK — D.C.R.— HI-POT —ETC) -
uelllic “fon B--eit o tion Coe-entd
ENVIRONMENTAL  CONDITIONS AT  PAILURE
@ rTewe oc ® visraTion _________crs ® numiorty %
@ sHoCK 0 @® aurituoe (1] @® ornee
REMARKS (DETA!LS CONCERNING PAILURD)
Uett, 7 o3led cleerricenl Cest Tollorin vibri! o, Antineo o3 0 0 Veavteq T ther.
ORIQINATOR N oerr /=5
ROUTE VELLUM (FIRST SHEET) TO RELIABILITY — Lr I..b
RETAIN SECOND COPY = SEND LAST COPY WiTH PARY. v D emmenrmem LV, 4
- A—— —
—
OATE
FAILURE ANALYSIS .
21 | R0 | 65
FAILURE  TYPE (CHECK) MODE OF PAILURE
(O] {-| H— @ ecect _- @ orsn ___ ‘pincoey Jipdincs 3 ated Yirether
CAUSE OF FAILURE L. e en e s ) )
St Cwlipia e uongd? aveh bR Ste rindin - oo oL ved '
citlin Yz aroll. A niastiesn coveldod e ot oon el hed o oriorinnd !
I
Sotlic oTnb. :
FAILURE CLASSIFICATION (CHECK) :
[: :] DESION C:] NONCONFORMANCE YO DESION 5
CORRECTIVE ACTION NECESSARY —
i
i
RELIASILITY DEPT. RAEP. I
DEPT RESP, FOR ACTION DATE ACTION wiLl [ 13 INITIATED : oEPrPTY AUTY  (INITIALS) ;
DDESIGN o Q.C. O MFe. !
COARECTIVE ACTION EFFECTIVE ON: }
RUN Lor BATCH SERIAL NUMBER ;
REFERENCES® INSTRUCTIONS © |
(@ use sorr pENciL oM sLACKE BALL sCINT. |

(® usE SEPARATE  REPORT FOR EACH PART.

foerm 238



REPOART NUMBER
A e

FAILURE REPORT DATE
»o. oAy YEAR
. 1 A5
PART wAME i ] PAAT NO.(HOT PART n(’CUBT) SERIAL NO.
LS SRR N 003 217571 00
VANUPACTURER DATE OF MANUPACTURE OPER. MRS AT PAILURE OATE OF FAILURE
2}" .'I'O’:UC%',S —— e s = [T S, ’lu"l_l"‘.' ]]_’ 1965
TEST 1vPE (QUAL, ~ ACPT.— INOP. — ETC.) TEST CONDITIONS ( BNOOK — D.C.R.— HI-POT —ETC)
v J1lie . ion Incul ++ion esistunce
ENVIRONMENTAL  CONLITIONS AT  PAILUNE
@ vewr o ® viemamion _________¢cre ® wuwoiry %
@ swocx o (ONTLO{7 | S— ] @® orden
REMARKS (OETAILS CONCERNING FAILURE)
Unibt _ided (dec!ric:l 'ect DP1llowins raictur eoois - nce. Insnulaition Troakdown
v s Yetvaon pihinges,
oR;| Tom oerY /15
ROUTE VELLUM (FIRST SHEET) TO RELIABILITY — { > = L.b
RETAIN SECOND COPY — SEND LAST COPY WITH PART. o W) memmmem— anve L
DATE
FAILURE ANALYSIS
11] 20 | 65
FAILURE TYPE { CHECK) MODE OF FAILURE
® ween. ___ @ ececr . () oren ___ Inoultion I roadidown
CAUSE OF FAILURE
JRa) i in ]‘(L:xll-l SF3~v T - on taga ,_.A‘Jﬁ: cro st 13 A0 4_1’7.)11']': S 9 ?Lio
e — .
FAILURE CLASS, ..ATION (CHECK )
G OESION D NONCONFORMANCE TO DESION
CORRECTIVE ACTION NTCESSARY
RELIABILITY OEPT. RED.
DEPT RESP, FOR ACTION DATE ACTION WILL ©OE INITIATED: DEPT. AUTH. (INI.IALS)
CIDESIGN a e.c. O wFe.
CORRECTIVE ACTION  EFFECTIVE ON:
| AN LoOT BATCH SERIAL NUMBER
" ngremences: INSTRUCTIONS :
(@ use soFT PENCIL OR BLACK BALL POINT.
(D ust SEPARATE  REPORT FOR EAGH PAAT.

LFoRM K23



REPORT NUMBER
| oo
FAILURE REPORT DATE
MO. DAY YEAR
« Q J (s
PANT NAME ‘oroidal PART NO.(MST) PART NO.(CUBT) SERIAL NO.
Tronsformer 005 3172671 012
NANUFACTURER DATE OF MANUFACTURE OPER, NRS AT PAILURE DATE OF PAILURK
J,5., roducts ———————— - ——————— e T O
TEST TYPE (QUAL, — ACPT.~ INSP. = ETC.) TEST CONDITIONS (BMOOK — D.C.R.— MI-POT —ETC)
~wilification D.C, lesistance
ENVIRONMENTAL  CONDITIONS AT  FAILURE
@ rvewr °c @® visratiown crs ® wumioiTy %
@ swock o @ auituoe sy © ortner

REMARKS (DCTAILS CONCERNING FAILURE)
Togt 10CC M~ppe Tife DCR ensurerent inlicated yirdins 7 o-op ciocuited,

oertr v, Lub

(@ vuse sort pEncL
® use seranate

REPORT

OR BLACK OALL

ORIGINATOR .
ROUTE VELLUM (FIRST SHEET) TO RELIABILITY — ’2 or
RETAIN SECOND COPY — SEND LAST COPY WITH PART. \ w — 4755
OATE
FAILURE ANALYSIS
11 | 20 | 65
FAILURE TYPE ( CHECK) MODE OF FAILURE
@ uecn. ® erecT @® oren Cren Vinding
CAUSE OF FAILURE a ) . oo, )
Cne o ®he lcids wir *too 1vitfle —~ trole verr eagily,  GCopld pot

cateridine e oot c~nt o of ovon cirendit
FAILLIRE CLASSIFICATION ( CHECK )

D DESION [: NONCONFORMANCE TO DESISN
CORRECTIVE ACTION NECESSARY

RELIABILITY DEPT. NEP.
DEPT. RESP, FOR ACTION DATE ACTION WILL BE INITIATED: DEPT. AUTH. (INITIALS)
DOESIGN o e.c. O wre.
CORRECTIVE ACTION EFFECTIVE ON:
RUN LoT BATCH _SERIAL NUMBER

REFERENCES® INSTRUCTIONS ¢

PUINT,

FOR  EACH PART.

FoRkm #2355



' i

REPOAT  NUMBER
/( ?
A0 | o021
FAILURE REPORT DATE
T3 DAY l YEZAR
Q 1 £.5
PANT NAME ''Ornil.] PART NO.(HED PART NO.(CUST) SERIAL NO.
ey 003 3172671 07
MANUPACTUREN DATE OF MANUPACTURE OPER, WAS AT PAILURE OATE OF FAILURE
. ~5oha e ——— - o = e A -65
TEST TYPL (QUAL, — ACPT.~ INSP. = ETC.) TEST CONDITIONS ( SHOCK — D.C.R.— HI-POT —ETC)
vdifie . inn D,C, Resistance
ENVIRONMENTAL CONDITIONS AT  FAILUNE
© rtewr o ® vieraTion crs ® ruwoiTy %
@ swoek o @ amitvoe e © omen
REMAAKS (DETAILS CONCERNING PAILURD)
Tty 04SP it ceaed ~cen ecirenit o Inibinl Electrical ot
4
ORIGINATOR OEPT J, ' _5
ROUTE VELLUM (FIRST SHEET) TO RELIAGILITY — M L 1
RETAIN SECOND COPY — SEND LAST COPY WITH PAART. ) PR ]g — unv, Lab
DATE
FAILURE ANALYSIS
11 ] 20 | 65
FAILURE TYPE (CHECK) MODE OF PAILURE
@ wmeck. ® eect _L () oren Open circuit
CAUSE OF Fa R Y . . . ~ . . - B .
ILuRe 1C-11 1 e CAainph coredy 2hion A0 ui Ure T do 0 iy,
FAILURE CLASSIFICATION (CMECK )
[:j ODESION D NONCONFORMANCE TO DESION
CORRECTIVE ACTION NECESSARY
RELIABILITY DEPT. REP.
DEPT RESP, FOR ACTION DATE ACTION will [ 13 INITIATED : DEPT AUTH. (IN:TIALS)
CIOESIGN o e.c. o wre.
CORRECTIVE ACTION  EFFECTIVE ON:
RUN LoT BATCH SERIAL NUMBER
NEFERENCES® INSTRUCTIONS ¢
(@ vse s0FT PENCIL OR BLAGK BALL POINT,

@Ull SEPARATE REPORT POR EACN PART,

oM HZ5S



REPORT  NUMBER
' S B
FAILURE REPORT DATE
MO. DAY l YEAR
PART NAME Ueroato 1 PART NO.(HBT PART NO.(CUST) SERIAL NO.
S oneforilr ey L7 L0h
MANUFACTURER OATE OF MANUFACTURE OPER. HRS AT PAILURE OATE OF FAILURE
LoLreonens —————— ————— St o, 1085

TEST TYPE (QUAL, — ACPT.~ INSP. —~ ETC.)

TEST CONDITIONS ( SHOGK — D.C.R.— HI-POT =ETC)

U0 Tie fdon Tnm ~hfon Neoic*t nce
ENVIRONMENTAL CONDITIONS AT  PAILURE k
© Tewpr___________°c ® vismaTioN crs ® wumioiTy %
® swock 6 @® auwituoe rsi © oren
REMARKS (DCTAILS CONCERNING FAILURE) :
A ”"';‘-'3'1‘."""' V] - v ey R TG ¥ I ol IR as ol Ay T oan Yol oy :
. i
Ariine s ha oerce, i
ORIGINATOR DEPT . - .F
ROUTE VELLUM (FIRST SHEET) TO RELIABILITY - N - T
RETAIN SECOND COPY— SEND LAST COPY WITN PART. \C . \ f) e ave L%
DATE R
FAILURE ANA'YSIS |
i1 L0 | 65
FAILURE TYPE ( CHECK) MODE OF FAILURE !
O wecw. @ eceer 2. ) orem___ Inmi-=ion t=- ‘©lom
CAUSE OF FAILURE
A- e e voeos gy ~ - vt e A A - -r f‘~
Sogont s e T ay
B\
FAILURE CLASSIFICATION (CHECK)
D DESIGN D NONCONFORMANCE TO DESIGN
CORRECTIVE ACTION NECESSARY
{
RELIABILITY DOEPT. REP.
DEPT RESP, FOR ACTION DATE ACTION WILL BE INITIATED: DEPT. AUTH. (INITIALS)
QOESIGN o a.cC. o wre.
CORRECTIVE ACTION EFFECTIVE ON: |
RUN LoT BATCH SERIAL NUMBER {
REFERENCES® INSTRUCTIONS :
(D usE SOFT PENCIL OR BLAGK BALL POINT.
(®) ULE SEPARATE REPORT FOR EAGN PART. J

ToRM FZ3S5



REPORT NUMBER

= i
= | >
,

FAILURE REPORT DATE
®0. o4Y YEAR
) A D
1 PART NAME Vv PART NO.(MBT PART NO.(CUST) SERIAL NO.
PR A ey A A] i
MANUFACTURER DATE OF MANUFACTUNL OPER. HRS AT PAILURE DATE OF FAILURE
2o pnrens —_——— —————— srust 12, 1665

TESY TYPE (QUAL, — ACPT.— (N8P - LTC.) TEST COMDITIONS ( BMOCK — D.C.R.— HI-POT —ETC)

v ille tlon Inzul c-ion enist .oce
ENYVIRONMENTAL CONDITIONS AT FAILURE
O vewr °c (® vismaTiON crs ® numioiTy %
@ sWwoek — 0 @® aunituoe (] (© Lo1nenr
REMARKS (DETAILS CONCERNING PAILURE)
Lot ™ MMiea pia 0 s k T R o) TP e 10¢ ¢ S LAk B o et Gt o NE <IN s PO
by
ORIGINATOR pEPT [/ T_5
ROUTE VELLUM (FIRST SHEET) TO RELIABILITY — N - .
RETAIN SECOND COPY— SEND LAST COPY WITN PART. \ e L) e anve 10°b
DATE
FAILURE  ANALYSIS .
lll 20 l o))
FAILURE TYPE ( CHECK) MODE OF FAILURE
O uecH. @ ecect - (O oreR Insul ~=Zor lroildown
CAUSE OF FAILURE - - . , - . . . .
RN et e oo il ont oo en i AinTe,
FAILURE CLASSIFICATION (CHECK )
D DESIGN D NONCONFORMANCE TO DESION
CORRECTIVE ACTION NECESSARY
RELIAGILITY DEPT. REP.
DEPT RESP. FOR ACTION DATE ACTION wiLL 8E INITIATED : DEPT AUTH. (INITIALS)
CIDESIGN o e.c. O MFG.
CORRECTIVE ACTION EFPECTIVE ON:
PUN LoT BATCH SERIAL NUMBER
REFERENCES ¢ INSTRUCTIONS ¢
(D vsE SOPT PENCIL OR BLAGK BALL POINT,

@ USE SEPARATE REPORT FOR EKACH PART.

}
-
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seresyn-

SN

REPORT NUMBER
o [ A
FAILURE REPORT DATE
MO. oAy YEAR
ol A
PART NAME . CI°0O1 'l PART NO.(HST) PART NO.(CUST) SERIAL NO:
‘.‘,‘q‘:- .-i‘l.\:g..:.{. (\O? -:rv - . ﬂ‘\’\: 7/
MANURACTLRER OATE OF MANUFACTURE OPER, HWRS AT PAILURE DATE OF FAILURE
S ‘ro et s e e e o O, - s _7," v/j

TEST TYPE (QUAL, — ACPT.~ INSP. —~ KTC.)

- e

TEST COMDITION® ( BHOCK — D.C.R.— NI-POT —ETC)

S e Tpoe? s st e e
ENVIRONMENTAL CONDITIONS AT  FAILURE
© rtewe *c @® viaraTION crs ® rumioiTy %
@ swoek — e (ORI SA0] ] — ] ] © oTHER
REMARKS (DETAILS CONCERNING FAILURE)
IR ~at- “,,_‘OC'")‘_":C T 2 ~ AT e 7"im~ ST PSRN e < T s
. CoC, -
Ky
DEPT 42*‘_5

ROUTE VELLUM

(FIRST SHEET) TO RELIABILITY ~

hl - A

RETAIN SECOND GCOPY— SEND LAST COPY WITH PART. V. s v,e T
DATE
FAILURE ANALYSIS
1120 | ¢s
FAILURE TYPE (CHECK) MODE OF FAILURE
O uecH. @ cetecTr . (® oPER___ Ino? “in vl TN
CAUSE OF FAILURE .
Tyin 1o A . ~r T (;T-w -t Y- o T AT ¢ a3 s tatc anis
5 AT T ST et Rt e ad .
FAILURE CLASSIFICATION (CMELK )
[':'_] DESIGN D NONCONFURMANCE TO DESIGON
CORRECTIVE ACTION NECESSARY
A
H
1
%
RELIAGILITY DEPT. REP. l
DEPT RESP, FOR ACTION DATE ACTION WiLt. BE INITIATED: DEPT. AUTH. (INITIALS) !
CIDESIGN o a.c. c wmre. l
CORRECTIVE ACTION EFFECTIVE ON: X
RUN LoT BATCH SERIAL NUMBER ’
(D UsE SOFT PENCIL OR BLACK BALL POINT.
(?) USE SEPARATE REPORT FOR EACH PART.

“oRmM K238
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' 2

TREPORT  NUMOER
) 5] s
FAILURE REPORT SATE
Mo. DAY YELAR
7 l -5
PANT NAME '~ . 1. 7 PART NO.(HST PAR- NMO(CUST) SERIAL NO.
e . (I/! ’:,:'(/( ‘: CC\’;
MANUPACTURER UATE OF MANUFACTURE OPER, HRS AT PAILURE DATE OF FAILURE
',, s . ”,,L\,,’ et e m o vt e e e e e ..’~"

TESY TYPE (QUAL, — ACPT.— INBP — ETC.)

TEST COMDITIONS ( BMOCK — D.C.R.~ Hi-POT —ETC)
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